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Update on π0→4e

• Analysis update: changes since Pat’s thesis

• Paper draft



Analysis update

• Main improvement in branching ratio measurement is 
from redone chamber resolution study.  This was a 
limiting systematic before.  Acceptance resolution vs. 
smearing/nominal:
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MC Ratio vs Smear: 99

Figure 1: Acceptance ratio as a function of smear factor, from no smearing
to twice nominal smearing.

on the branching ratio of 0.74%. If the chamber resolution error doubles to
0.22%, the total error increases to only 0.75%.

3.1.5 Radiative Corrections

The simulation includes first order radiative corrections for both the signal
and normalization modes. The error in neglecting higher order radiative
effects was estimated by taking the square of the difference between tree–
level and 1st order, resulting in an error of 0.04%.

3.1.6 Chamber Inefficiencies

The inefficiency of a plain–pair is measured in the data and stored in a
DCMAP for use in the simulation. Chamber illuminations were used to
limit the uncertainty in the scale factor applied to the map to less than 20%.
Monte Carlo data was then reweighed with scale factors of 20% larger and
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•Resolution error on 
BR goes from 
0.84% to 0.11%

•Largest BR syst 
error is now MC 
statistics (0.25%)



Analysis update

• Form factor errors: slope parameter errors haven’t 
changed much.

• The φ distribution: Systematic error on the resolution 
correction was arbitrarily set at 100%; we don’t think 
this was justified. We can fit the correction parameters 
to better than 10% uncertainty; this was used to 
generate the error on η, which is the CPT-violating 
imaginary part of ζ (the fractional scalar contribution to 
the decay is tanζ).

• New result is η=0.051±0.031



Paper draft: how we pitch the 
result

• We believe the π0 parity measurement is the most 
interesting aspect of this result.

• The parity is one of the most fundamental meson 
physics parameters that hasn’t been measured well:

• Indirectly known from threshold 
behavior of π− capture on 
deuterons (Panofsky 1951)

• Last “direct” measurement is 
from 4e decay (Samios 1962) 
based on 112 events after cuts. 
Significance is 3.3-3.6 σ.



The φ distribution

• Dramatic confirmation of pseudoscalar π0

• Tight limit (ζ<1.9°) on scalar coupling in this mode

Samios 1962
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Figure 7.9: Comparison of the distributions of xb and φ between the data (points) and
5 MC samples (black histogram). The ratios are data over MC.

in Figures 7.10 to 7.15. The general features are very similar to those seen in the MC

distributions earlier. The apparent secondary minimum in the α–η plane has been

studied and found to be an artifact of the plotting software.

Figure 7.10: Likelihood function in two variables at the minimum of the third variable,
using the complete KTeV dataset. The two free variables are α–κ. The contours indicate
the 1, 2, and 3σ levels appropriate for two free parameters.

Table 7.4 gives the raw values along with statistical errors for the three datasets

FIG. 3: Distribution of the angle φ/π between the planes of
the two e+e− pairs. The observed cos 2φ dependence indicates
negative π0 parity; sin 2φ dependence would indicate positive
parity.

in η, resulting in ζ < 5.7◦ at the 90% confidence level.
If instead, CPT conservation is enforced, η must be zero,
and the limit derives from the uncertainties on κ, result-
ing in ζ < 1.9◦, at the same confidence level. These limits
on ζ limit the magnitude of the scalar component of the
coupling, relative to the pseudoscalar component, to less
than 10.0% in the presence of CPT violation, and less
than 3.3% if CPT is assumed conserved. We therefore
confirm the negative parity of the neutral pion.
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Paper draft

• PRL draft has been released to godparents (Nov. 6) 
(with placeholder figures; working on better ones)

• Good comments from Katsu and Rick K.

• A few questions about the way the physics is 
presented; we are addressing these.

• Rick K. question: too much for a PRL?

• I think it is important to get this result into PRL.

• If necessary, drop the detector/reconstruction text.



Paper draft

• We are trying to get this paper out as soon as possible

• Depending on back-and-forth with godparents, hope to 
have a draft to the collaboration before the end of 
November

• Submit in December!


